E levated systolic blood pressure (SBP) is associated with hematoma expansion and poor clinical outcomes in patients with acute intracerebral hemorrhage (ICH).
levated systolic blood pressure (SBP) is associated with hematoma expansion and poor clinical outcomes in patients with acute intracerebral hemorrhage (ICH). 1 However, the impact of blood pressure (BP) lowering attenuating hematoma expansion is less consistent in randomized controlled trials, 2, 3 possibly because of delayed treatment initiation. It has been suggested that initiation of BP lowering in the prehospital setting may improve the efficacy of this treatment. 4 Thus, the knowledge of the prognostic significance of prehospital SBP in acute ICH is essential for the design of future prehospital intervention trials.
ICH volume on admission, 1 computed tomographic (CT) angiography spot sign, 5 and rate of hematoma expansion before admission, the so-called ultra-early hematoma growth (uHG), 6 are independent determinants of hematoma expansion in acute ICH. We hypothesized that higher prehospital SBP may be associated with higher uHG and, therefore, with larger ICH volume and presence of active hemorrhage on admission.
The main objective of the present study was to determine the relationship between prehospital SBP and ICH volume on admission. Secondarily, we aimed to evaluate the association of prehospital SBP with uHG and the spot sign.
Methods

Study Design
We conducted a retrospective study of a prospective database of consecutive adult patients with spontaneous ICH admitted to the emergency department of a tertiary academic stroke center during a 3-year period (January 1, 2014, to December 31, 2016). Exclusion criteria included secondary cause of ICH, no transportation by Background and Purpose-Ultra-early blood pressure (BP) management in the prehospital setting could improve the efficacy of this treatment on attenuating intracerebral hemorrhage (ICH) expansion. We aimed to determine the association of prehospital systolic BP (SBP) with ICH volume, ultra-early hematoma growth, and the spot sign on admission. Methods-We conducted a retrospective study of a prospective database of 219 consecutive patients with spontaneous ICH admitted to the emergency department of a tertiary stroke center during a 3-year period. Prehospital SBP and ICH volume, ultra-early hematoma growth (ICH volume/onset-to-imaging time), and presence of the spot sign on admission were prospectively recorded. Primary outcome was ICH volume on admission. Secondary outcomes included ultra-early hematoma growth and frequency of the spot sign in patients scanned within 6 hours from symptom onset (hyperacute group). 
Results-Prehospital
Data Acquisition
Prehospital BP at the initial evaluation was prospectively recorded on EMS reports by paramedics. First prehospital BP and relevant demographic, medical history, clinical presentation, and neurological status were prospectively recorded on admission. All patients underwent CT at baseline. In those patients scanned within 6 hours from symptom onset (hyperacute group), a multiphase CT angiography immediately after baseline CT was performed as per our institution protocol.
7
Image Analysis
CT and CT angiography analyses were prospectively and independently performed by a stroke neurologist (D.R.-L.) and a neuroradiologist (P.C.), respectively. ICH volumes were measured using semiautomatic computerized planimetry software. The spot sign was defined according to previously established criteria.
Outcomes
The primary outcome was ICH volume at baseline CT. Secondary outcomes included uHG and frequency of the spot sign in the first phase of multiphase CT angiography in the hyperacute group. uHG was defined as baseline ICH volume/onset-to-imaging time (mL/h). 6 A uHG cutoff value of 10.2 mL/h was used to further evaluate the relationship between prehospital SBP and uHG. 6 The presence of the spot sign was used as marker of active hemorrhage. 
Statistical Analysis
Statistical analysis was performed using SPSS Statistics 17.0 software. The continuous variables were assessed for normality by Kolmogorov-Smirnov test and are presented as means±SD or medians (interquartile intervals). Statistical significance for intergroup differences was assessed by Pearson χ 2 for categorical variables and by Student t or Mann-Whitney U test for continuous variables. Correlations between continuous variables were assessed by Pearson or Spearman correlation coefficients depending on data normality. Multiple logistic regression analysis was used to test for the association of prehospital SBP with ICH volume on admission controlled for the covariates age, sex, hypertension, anticoagulant use, and prehospital endotracheal intubation. A 2-sided P value of <0.05 was considered significant for all tests.
Results
A total of 219 patients were included in the study (Figure 1) . The main baseline characteristics are provided in Table I in the online-only Data Supplement. Mean prehospital SBP was 168.0±31.9 mm Hg. Neither prehospital (ρ=−0.084; P=0.237; Figure 2A ) nor on-admission (ρ=−0.063, P=0.372) SBP was correlated with time from symptom onset. Hyperacute patients (n=126) showed also no relationship between both prehospital (ρ=−0.056; P=0.534) and on-admission (ρ=0.104; P=0.249) SBPs with time from symptom onset.
The median SBP change from prehospital to admission measurements was 0 mm Hg (−16 to 18 mm Hg). Prehospital and on-admission SBP readings were positively correlated (r=0.552; P<0.001; Figure 2B ). This correlation was similar when analyzing separately hyperacute patients (r=0.509; P<0.001).
Median ICH volume was 24.8 mL (6.9-62.0 mL). Prehospital (ρ=0.189; P=0.006; Figure 2C ) and on-admission (ρ=0.187; P=0.004) SBPs were correlated with ICH volume on admission. Similarly, patients with ICH volume above the median value presented higher prehospital SBP (Table I in the online-only Data Supplement). This association remained significant in adjusted multiple logistic regression analysis (odds ratio, 1.01 for a 1-U increase in SBP; 95% confidence interval, 1.01-1.02; P=0.018).
In the hyperacute group, median uHG was 11.1 mL/h (2.4−29.4 mL/h), uHG >10.2 mL/h was present in 64 (50.8%) patients, and the spot sign was present in 23.5% (19/81) of patients. Prehospital SBP was not related with uHG (ρ=0.115; P=0.203), uHG >10.2 mL/h (172.3±35.0 versus 171.2±27.6 mm Hg; P=0.939), nor the presence of the spot sign (172.2±27.6 versus 171.8±31.6 mm Hg; P=0.959).
Discussion
In contrast to SBP after hospital admission, the prognostic significance of SBP in the prehospital setting in patients with acute ICH is poorly understood. Previous studies have shown that prehospital SBP in acute ICH is higher compared with ischemic stroke and stroke mimics and remains stable during EMS transport, 4 and that prehospital diastolic BP is related to prehospital neurological deterioration. 8 The present study confirms and expands previous findings. Prehospital SBP was not related to time from symptom onset, even in hyperacute patients, and was correlated with SBP on admission. Further, prehospital SBP was independently associated with ICH volume on admission. Conversely, prehospital SBP was related neither to uHG nor to the spot sign in hyperacute patients. On the other hand, on-admission SBP was also correlated with ICH volume in this study. However, because prior studies have not specifically evaluated this relationship, [1] [2] [3] further studies are needed to confirm this finding. 
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Although current American Heart Association guidelines for prehospital ICH management include rapid transport of patients with presumed stroke to the closest hospital, 9 more recent approaches include BP-lowering initiation by the EMS. 4, 10 Although the stroke subtype is unknown in conventional ambulances, given that prehospital SBP remains stable during EMS transport, it has been suggested to target prehospital SBP of <180 mm Hg in all patients with presumed stroke in a thrombolysis window. 4 Conversely, prehospital diagnosis of ICH in mobile stroke units may allow for early initiation of specific therapies including differential BP management according to stroke subtype and potential anticoagulation reversal. 4, [9] [10] [11] In our study, prehospital SBP determination was performed before ICH diagnosis, yet prehospital diagnosis of ICH is beyond the scope of the present study.
The strengths of this study include the relatively large sample size when compared with previous studies assessing the prognostic significance of prehospital BP in acute ICH, the prospective collection of data, and the quantitative assessment of ICH volume. The study has some limitations, however. First, the retrospective design of the study led to a lack of prehospital BP records in almost 1 in 5 patients. Second, we analyzed a single prehospital SBP determination. However, although SBP changes during acute phase may have a major impact on ICH expansion, 1 SBP seems to be stable during EMS transport. 4 Third, we did not find a relationship between prehospital SBP and uHG or the spot sign, possibly because of a relatively small sample size of hyperacute group. Finally, higher ICH volume on admission could be a cause rather than a consequence of elevated prehospital SBP.
Conclusions
Prehospital SBP is correlated with SBP on admission and independently associated with ICH volume on admission. These findings support the rationale of testing whether initiation of BP lowering in the prehospital setting attenuates hematoma expansion in patients with acute ICH.
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